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CHAPTER I
INTRODUCTION
The process of cranial growth and development in mammals have
similarities, and some of them, like the rat, have been the experimental subject of dental research for many years.

However, the

morphologic similarities are more quantitative than qualitative.
The growth and development of the intermaxillary suture, the
perichondrium of the mandibular condyle, and the periodontal ligament
are very important, particularly to the understanding of clinical
dentistry.

While these structures have been frequently studied as

reported in the literature, in the bony sutures and the perichondrium
the cell density and tritiated thymidine labelling index of the proliferating cells have not been reported.
This study establishes both an index of the cell density and a
tritiated thymidine labelling cell index of the intermaxillary suture,
the perichondrium of the mandibular condyle, and the periodontal
ligament in the rat by radioautographic technic.

Furthermore, this

study reports a correlation of such indices within a period of time
of both formation and eruption of the molar teeth on the rat.
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CHAPTER II
REVIEW OF LITERATURE
The growth of the jaws as studied in experimental animals appears
to be a complex mechanism involving the intermaxillary sutures, the
formation and eruption of the teeth, and the development of the mandibular condyle.

Such activities result in the differential growth

not only of the jaws, but also the face and skull as well.
The growth and differentiation of the mandibular condyles, the
intermaxillary suture, and the periodontium around the developing
and erupting teeth occur simultaneously in young rats.
The pertinent literature review accordingly may be divided into
condylar growth; sutural growth; and the growth, development, and
eruption of the teeth.

In addition, radioautographic technic is re-

viewed.
A.

CONDYLAR GROWTH

Concerning the growth of the condyle, there are two different theories: some investigators support the concept of the
condyle as the main center of growth in the mandible; while
others believe that the condylar growth is just a side effect
of mandibular growth.
Bhaskar, (1953) studied the growth pattern of the rat
mandible from the 13th day of insemination age (DIA), to 30 days
2

3

after birth (DAB).

He found that between the 15th and 16th DIA,

the ossification of the mandible begins.

Because the development

of bone tissue can be better studied in relation to the nerve,
he also described the inferior dental nerve.
mandible differentiates in 3 regions:

At 17 DIA, the

anterior to the ossifi-

cation center, the molar region, and the mandibular ramus.

He

defined the ossification center as the first spicule of bone
developing in membrane lateral to Meckel's cartilage in the area
of the middle of the first molar tooth germs.
In the molar region of the rat mandible, from 17 DIA to 30
DAB, growth occurs in a posterior direction, in width, and in
height.

In addition, there are both growth and development of

the coronoid process and formation of the inferior dental canal.
At about 17, and 19 DIA, and at 10 DAB, the tooth germs of
the first, second and the third molars are formed.

By 17 DAB,

;f;trst mandibular molars erupt into the oral cavity; and at 19 DAB
they meet the maxillary first molars.
erupt.

At 21 DAB the second molars

Furthermore, the changes which occur in the internal archi-

tecture of the mandible are related to the growth and eruption of
molar teeth.
As with many other authors, he agrees that the remodeling of
the anterior border of the ramus plays an important role in
determining the final shape of the mandibular ramus.

However,

he found that the condylar cartilage not only serves as center
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of growth, but also determines the direction of growth of the
mandible.

Between 3 and 4 DAB, the direction of growth of the

condylar cartilage changes.

This change also results in a rapid

and marked shift of the mandible which coincided with the increase in the height of the molar tooth germ.
Sicher and Weinmann, (1955) supported the same theory of
the condyle as center of growth and reported that appositional
growth of cartilage takes place on those surfaces of cartilage
which are covered by perichondrium.

There is a gradual transition

from fibroblasts in the deeper layer of the perichondrium to
chondrocytes in the superficial layers of the cartilage.

They

further reported that the most important difference between
appositional and interstitial growth is that the former depends
primarily on the mitotic divition of differentiated cells, while
in the latter depends on the differentiation of undifferentiated
cells.

They also stated that the changes in the size of condylar

angle are caused by a change in the direction of the proliferation
of the condylar cartilage.
Other authors, Cleall, Jacobson and Berker (1971) found great
activity and complex development in this area.

In their study of

the mandible of the rat, they performed osteotomy in the ramus
region which included the root of the condyle, the internal
oblique ridge, and the angular process.

They reported that the

\
remodeling resorption of the bone which occurred in the condylar
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region was extremely rapid and complex.

Below the root of the

condyle, the internal oblique ridge was relocated in an inferior
direction by a process of bone deposition on its inferior surface
and resorption on its superior surface.
Supporting the same idea, Petrovic (1972), found that the
condylar growth contributes to the mandibular growth and ensures
the growth of the temporomandibular joints of rats.

Also, he

showed that in vivo this growth can be inhibited by wearing of
a chin-cup or stimulated by hyperpropulsion.
He stated that in the mandibular condylar, coronoid and
angular cartilages as well as in the cranial and facial sutures,
growth occurs by the division of still undifferentiated cells
(prechondroblasts or preosteoblasts).

He believes that, with

some reservation (more quantitative than qualitative), the
condylar growth of the rat can serve as a histophysiological
model for that of man's because it fulfills the criterior of
similarity.

However, this would not hold true for a study of

the articular mechanism, because the temporomandibular joint
articulations are anatomically different between the rat and
man.
In contrast there are authors who believe that the condylar
growth is just a side effect of growth and development correlated with the growth of the whole mandible.
Scott (1954) was of the opinion that the growth of the
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condylar cartilage enables the condyle to grow upwards and backwards, so as to maintain the surface contact at the temporomandibular joint, as the mandible is carried downward and forward
by the growth of the upper facial skeleton.
Condylectomy gives the opportunity to study the growth of
the mandible without the condyle and Gianelly and Moorrees (1965),
made a study to define the role of the condyle in the growth of
the mandible.

Seventy nine animals were bilaterally condylecto-

mized, 10 were sham operated and 27 serve as control.

The relation

of the dental arches in the sagittal plane, according to molar
and incisor overjet parameters, was stabilized.

They found no

statistically significant difference between the animals.

How-

ever, a comparative study in the length of the mandib.le, from
in~radentale

to the most distal point of the mandibular angle,

was found to be significantly shorter (2rnrn.) in the condylectomized rats.

Also, the coronoid process appeared larger, and the

antegonial notch was definitely more pronounced.
Another way to study the potential of growth of the condyle
is to make a comparison with the epiphysis of the long bones.
Koski, et al. (1963, 1964) transplanted different components of
the mandibular ramus among litter-mate rats 3-5 days old.
components of the ramus were:

The

1) The condylar cartilage, 2) A

fragment of ossified ramus, 3) The condylar cartilage with the
adjacent primary spongiosa zone, 4) A fragment of ossified ramus
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with the adjacent primary spongiosa zone, and 5) The condylar
cartilage with the adjacent primary spongiosa zone and ossified
ramus.
The specimens were reimplanted in an abdominal subcutaneous
site.

The authors found that the condylar cartilage grows, but

apparently lacks the kind of independent growth potential possessed
by the epiphiseal cartilages of long bones.

And only where the

condylar cartilage is able to retain contact with the ossified
ramus does the structure remain nearly normal.

They support the

hypothesis of only a relatively minor role for the condylar cartilage in mandibular growth.
Also, Meikle (1973) studied the cellular changes in the
condyle of 'transplanted temporomandibular joints of the rat.

He

reported that the articular and proliferative zone of the condyle
was derived from the mandibular periosteum.

This change from the

normal osteogenic function of the periosteum to chondrogenesis was
proposed to be the res11lt of an evolutionary development of the
articular condylar process in the mandible of mammals, and the
subsequent alteration in the functional requirements of the periosteum covering the articular joint surface.

Meikle states that

although the mandible is a membrane bone, its development is complicated by the formation of secondary condylar cartilage.

Meikle

further suggested that the influence of extrinsic factors upon
the mandibular condyle is on the basis of cellular differentation,
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rather than on the proliferative activity of the cells of the
temporomandibular joint.
B.

SUTURAL GROWTH
Less controversy surrounds the growth of the maxillary
sutures than the condyle.

Years ago the sutural growth in the

maxilla was considered to be the main factor in the development
of the maxillary complex, but today msot of the authors agree
that the sutural growth in the maxilla is part of the complex
development of this unit.

Noone has better illustrated the old

idea of the sutural growth as a center of growth than Sicher
(1947) who pointed out that the primary event in sutural growth
is the proliferation of the connective tissue between the two
bones.

If the sutural connective tissue proliferates, it creates

the spaces for appositional growth at the borders of the bones.
The replacement of the proliferating connective tissue by bone
is, of course, necessary for the development of functionally
adequate bones.
The most important sites of sutural growth of bone along the
upper jaw are those articulated to the maxillary complex, moving
the maxilla downward and forward.

However, the subnasal part of

the maxillary growth occurs by apposition of bone at the alveolar
border and mainly the alveolar process.
A description of the development of the sutures was reported
by Pritchard (1956).

He stated that all the sutures in the face
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and the cranium go through essentially similar stages in their
development:

1) The stage of approaching bone territories includes

the definitive bone, the preosseous cambium layer, and the fibrous
periosteum.

The suture is to be regarded as the entire complex of

cellular and fibrous tissues intervening between, and surrounding,
the definitive bone edges, 2) The stage of meeting of the bone
territories, 3) The early growing stage, 4) The late growing stage,
and 5) The adult stage.
In the palate, at stage 1, a very thin strand of condensed
mesenchyme runs between the approaching bone territories.

This

may possibly serve to guide the bones toward each other.

In the

stage 2 the fibrous capsules of the bone territories become
united by means of two fibrous laminae, an external artd an internal, which make their appearance as the territories come close
together.

The early growing stage 3 shows clearly that defined

pre-osteoblastic and osteoblastic zones, cellular proliferation,
indicated by the frequency of mitotic figures in the preosteoblastic zone, is evidently very active.

At the late growing

stage 4, the growth of the bones at the suture is evidently very
slow and chiefly directed towards rounding and smoothing the
bone edges.

In the adult stage 5, the bone edges now show no

signs of growth activity, and the cambial layer is reduced to a
single layer of inconspicuous flattened cells.
In the midpalatal suture it was common to find cartilage at
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the margins of the bones or in the sutural tissues proper, at the
end of the period of rapid growth, and was of two types:

The

first type occurred as irregular islands or areas of large celled
cartilage with scanty matrix, and the second type presented a more
orderly appearance.

Also, in several specimens, localized areas

of synostotis across the suture were found.
Supporting the concept of the midpalatal suture as a site of
growth, Cleall (1971) studied the changes in it, at the incisor,
premaxillary and molar regions in the rat.

He reported that the

midpalatal suture showed apposition of bone at the approximating
edges of the suture, and appositional growth of the mesial wall
of the incisor alveolar bone.

Cleall showed that the midpalatal

suture is involved in the growth in width, and perhaps, the
symphyseal connective tissue correspondingly, may also play an
adaptive role in the increase in width of the mandible.
C.

PERIODONTAL LIGAMENT
The review of the literature of the periodontal ligament
includes the formation and development of the tooth, its
eruption, and the supporting tissues of the alveolar bone and
the pulp.
Pinzon (1965) studied the synthesis of D.N.A. in the pulp
of rat molar teeth by indicative tritiated thymidine synthesis
of labeled cells, by radioautographic technic.
He found that the dental pulp cells show a synthesis of
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D.N.A., at all ages, from 10 days, through 400 days.

Therefore,

the rat molar pulp is capable of cell renewal, turnover and
growth.

He reported that the synthesis has the highest fre-

quency of labeling between 10 to 15 days after birth, during the
period of root formation and tooth eruption.

He reported that

at 30 days, when the molar had erupted and met the antagonist
tooth, the pulp cells reduce their rate of D.N.A. synthesis,
significantly to a low level which continued through 400 days.
In the development of the tooth and alveolar bone, Cleall,
Jacobson and Berker (1971), studied longitudinally the growth
changes in the rat craniofacial complex, from the postweaning
period to early adulthood in a sample of thirty six animals.

In

the first molar region, the growth of the lingual plate of bone
below the molar is uniform, while on the opposite side, the
rate of growth of the buccal plate between the masseteric ridge
and the buccal alveolar bone was relatively slow.

The flattening

on the buccal surface was the result of a buccal component of
growth of the masseteric ridge.

There was a progressive in-

crease in the rate of deposition of bone from the masseteric
ridge to the inferior border of the mandible but a decrease in
rate on the lingual surface.

A comparison between growth

increments on the buccal and lingual surfaces indicates that
they were two to three times larger on the buccal surface.
suggest that apposition of bone on the buccal surface is the

They
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main factor responsible for increasing the buccolingual diameter
of the mandible in this region.
Apparently two thirds of the increase in height of the body
of the mandible in molar region results from growth of alveolar
bone, and the remaining one third resulted from growth at the
inferior border.

It is interesting to note that both of these

areas are closely associated with the eruption of teeth.
The authors furthermore state that the general pattern of
growth at the third molar region was similar to that seen in the
first molar region.

The most rapidly growing area was the alveolar

bone on the lingual side.

Its growth increments were between one

and two times greater than those measured at the inferior border.
The authors suggest that the masseter muscle function has a
greater influence on the development of the masseteric ridge in
the posterior region of the mandible since at the third molar
region the growth was considerably greater than that in the first
molar region.

On the other hand, it has also been shown that

changes taking place in the growing rat mandible do not always
reflect the force or direction of muscle pull.
The frequency of cells synthesizing D.N.A. as an indication
of growth in the periodontal ligament has been reported in rats
and mice.
Jensen and Toto (1968) studied the labeling index of the
periodontal ligament in rats, from 10 to 400 days of age, by
radioautographic technic.

They found that the connective tissues
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of the periodontal ligament in rats, from 10 to 400 days of age,
by radioautographic technic.

They found that the connective tissues

of the periodontal ligament has the capacity for growth and repair through at least 400 days.

The percentage of labeled cells

was highest in the 10 and 15 days old specimens, prior to establishment of functional dental occlusion.
Toto and Borg (1968) studied the effect of age in the periodontum of mice.

Two groups of 20 animals each were selected; the

ages were 60 and 300 days old.

They report that the young mouse

has a significantly greater number of cells in the periodontum and
that the ratio of labeled to nonlabeled cells in the old mice is
only about half that reported in the young.
Toto, Rubinstein and Gargiulo (1975) studied the oral epithelium, the pulp, and the periodontal ligament of rats one month and
15 months old.

They found the labeling index and the cell density

of the periodontal ligament significantly different with age as
there is a decrease both in labeling index and cell density.
The foregoing literature clearly indicates a complex activity
involving cell proliferation and differentiation in the sutures,
periodontal ligament of forming and erupting teeth, and in the
perichondrium of the mandibular condyle.
As cell proliferation is essential in growth in all such
tissues, the relation of the frequency of D.N.A. synthesis as
measured by the indices of tritiated thymidine labeled cells and
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the cell densities can serve as measure of the relative growth
activities.
This study will show the changes in both the labeling indices
and cell densities during a short growth period of six weeks.
This is the period when the molar tooth forms, erupts and occludes
with its apposing teeth.
D.

RADIOAUTOGRAPHIC TECHNIC
Leblond, Messier and Kopriwa (1959), explained the use of
thymidine labeled with tritium (H3) for the study of D.N.A.,
synthesis.

This substance has beta particles with a short range,

traveling only about one micron.

The danger of radiation damage

seems to be reduced with tritium, and it is possible to use doses
allowing cells to be traced over periods of months in the body
without apparent sign of damage to these or other cells.

Further-

more, the sections need not be subjected to chemical extractions,
since D.N.A., is the only labeled substance present in significant amount in the sections following thymidine-H3 administration.
Finally, due to the low beta-ray energy of tritium, the photographic grains produced by tritium containing structures are
found with 2 or 3)4 most of them

1~

from the source, as measured

within NTB-3 emulsion.
When the crystals of silver bromide embedded in a gelatin
of the emulsion are struck by these particles, they are ionized
with the result that the chemical action of a developer can then
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reduce the bromide to silver atoms.

After the film is developed

and fixed, each little aggregate of reduced silver atoms becomes
a black dot visible under a microscope, and the black dots make
up a picture of the radiation to which the film was exposed.

A

stain is then applied that penetrates the emulsion to show the
outlines of the cells and their structures (Kopriwa and Leblond,
1962).
Every cell capable of division

go~s

through a production cycle.

After division, mitosis, the cell enters a phase called G , during
1

which it synthesizes R.N.A., and proteins but no D.N.A.

Sometime

later it starts another phase, called S, in which it synthesizes
D.N.A., R.N.A., and, at a stepped-up rate, protein.

At the end

of phaseS; the cells stop making D.N.A., reduces its production
of proteins, and goes into a relatively short phase called
which prepares it for new mitosis.

c2 ,

During mitosis it produces no

D.N.A., very little protein and sometimes no R.N.A., (Harbers et
al., 1968).

CHAPTER III
METHODS AND MATERIALS
Six new born albino Sprague Dawley rats were selected at random,
from a litter of eleven born to a pregnant mother, at Loyola University
Dental School, animal holding facility.
After one week a time schedule of the sacrifice of one animal
each week commenced.
Each week for six consecutive weeks, one animal was injected with
lOO~i

tritiated thymidine (Sp. Ac. 1.8 Ci/mM), Nuclear Chicago,

Chicago, Illinois, between 10:00 a.m. and 12:00 p.m.

After one hour,

the rat was anesthetized in a glass jar containing diethyl ether, and
killed by decapitation.

Hughes

~

al. (1958), have reported that

maximum labeling of cells in the D.N.A. synthesis occurs during the
first fifteen minutes following the administration of tritiated thymidine, and that 95% is excreated after one hour.
The mandibles were removed from the head by sharp dissection.
The maxilla was sectioned transversely through the region of the molar
teeth.

The mandible was divided, separating the ramus with condyle

from the body.
for 24 hours.

The specimens were immediately fixed in neutral formalin
Such tissues were decalcified in formic acid with equal

parts formic acid-sodium citrate.

The specimens were washed in tap

water for 8 hours and dehydrated in ascending alcohols (70%, 80%, 95%,
and 100%), transferred to two changes in xylene, and embedded in
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paraffin.
Sections were cut 6 microns thick on A.O. model 820 microtone.
The planes of section were; transversely through the maxillary specimens
and sagitally through the mandibular condyle, and sagitally in the molar
region of the mandibular body.
Fourteen sections taken from each of the specimens were placed on
glass slides and stained with hematoxylin and eosin for morphologic
examination.

An equal number of sections from each specimen were pre-

pared for radioautography.
immersed in NTB

3

The slides for radioautography were only

liquid photographic emulsion (Eastman Kodak Company,

Rochester, New York), in a dark room.

The slides were removed from the

emulsion, allowed to drain, placed into light tight slide boxes and
sealed with black plastic tape.

The boxes were placed in the freezing

compartment in the refrigerator at o°C for six week exposure.

The

slides then were removed from the slide boxes in the dark room, developed,
washed and fixed.

Nuclear fast red, nuclear stain and indigo carmine

counter stain were used to stain the radioautograms, according to the
technique of Kopriwa and Leblond (1962).
CELL DENSITY DETERMINATION
The numbers of cells in the condylar perichondrium, periodontal
ligament at the molar region, and the intermaxillary suture in the
radioautogram slides were counted with the use of an eyepiece equipped
with a 100;12 grid and the objective at lOOX.

One thousand (1000) cells

were counted for each specimen taken from each of the six rats.
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The average number of cells found in
for each of the specimens.

10~

2

then was determined

A mean and standard deviation was calcu-

lated for each of the specimens.

The student "T" test was employed to

compare the cell densities per 10~

2

of the condylar perichondrium,

intermaxillary suture and the periodontal ligament of the molars at
1, 2, 3, 4, 5, and 6 weeks.
LABELING INDEX

The radioautograms were studied using the same 100~

2

eyepiece

grid at lOOX, the numbers of labeled cells per five thousand (5000)
cells were counted by scanning the perichondrium of the condyle, the
intermaxillary suture, and the periodontal ligament of the molars.
The counting was facilitated by using the information of the average
number of cells per 100~ 2 per specimen.

In this way those cells having

3 or more grains on the emulsion overlying a nucleus were counted as
labeled in each 100)4

2

field scanned until 5000 cells were counted.

average number of cells per 100)4

2

was determined for each of the

specimens and the mean was calculated.

The student "T" test was em-

ployed to calculate any significance in the differences of labeled
cell counts in the condylar perichondrium, intermaxillary suture, and
the periodontal ligament of the molars at 1, 2, 3, 4, 5, and 6 weeks.

The

CHAPTER IV
RESULTS
CELL COUNTS
The statistical results of the cell counts for the intermaxillary
suture, perichondrium of the mandibular condyle and periodontal ligament of the molars are summarized in Table 1, Cell Densities, and
Table 2. Labelled Cell Counts.

The trends indicated in the statistical

analysis areas follows:
Intermaxillary Suture
The cell densities in the first and second week were similar,
with a mean of 38.33 (SD 5.66) and 39.26 (SD 4.25) respectively.
were not significantly different at the .01% level.

These

In the third week

there was a sharp increase which continued and peaked in the fourth
week at a mean of 51.25 (SD 4.44).

The cell density then decreased

significantly to 18.53 (SD 3.94), in the fifth week and remained insignificantly changed in the sixth week (Table 1, Figure 1).
The labelled cells of the intermaxillary suture showed a great
increase between the first to the second week, from 2.56 to 5.88 and
then decreased insignificantly in the third week to 5.15.

The fre-

quency of labelled cells then continued to decrease rapidly falling
to 0.48 in the sixth week (Table 2, Figure 2).
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TABLE 1
.
2
Cell Denslty/100
(#1000) of the Intermaxillary Suture (I.S.),
Mandibular Perichondrium (M.E.), and Periodontal Ligament (P .D. L.) ,
in the Rat Aged 1-6 Weeks.
1st

2nd

3rd

4th

5th

6th

Mean

38.33

39.26

46.81

51.25

18.53

17.64

S.D.

+5.66

+4.25

+3.85

+4.44

+3.94

+3.26

Mean

30.39

35.34

51.8

52.25

25.37

27.24

S.D.

+4.19

+5.14

+4.5

+4.03

+3.36

+3.67

Mean

50.

32.64

40.12

50.6

49.76

53.31

S.D.

+5.83

+4.13

+4.67

+3.07

+2.98

+5.23

I.S.

M.P.

P.D.L.

TABLE 2
Labelled Cell/100 2 (1!5000) of the Intermaxillary Suture (I.S.),
Mandibular Perichondrium (M.P.), and Periodontal Ligament (P.D.L.),
in the Rat Aged 1-6 Weeks.
1st

2nd

3rd

4th

5th

6th

I.S.

Mean

2.56

5.88

5.15

2.21

1.28

.48

M.P.

Mean

2.36

4.76

6.62

3.49

2.01

1.24

P.D.L.

Mean

6.12

4.53

5.03

3.37

1.89

1.56

Cell Density and Tritiated Thymidine Labelling Indices
of the Intermaxillary Suture of the Rat Aged 1-6 weeks.
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Perichondrium of the Mandibular Condyle
The cell density was 30.39 (SD 4.19) in the first week and rose
significantly (reliable at the .01% level) in the seond week to 35.34
(SD 5.14).

The sharpest rise in cell density was seen between the

second and third weeks when the density rose
through

the fourth week.

to over 50 and remained

A sharp decrease in the fifth week (25.37)

reached the same level as seen in the first week.

The cell density

then remained level into the sixth week (Table l,.Figure 3).
The labelled cells frequency during the first week was 2.36.
A rapid increase was seen in the second and third weeks, 4.76 and 6.62.
After this peak, there was a rapid, steady decrease in labelled cells
to 1.24 in the sixth week (Table 2, Figure 4).
Periodontal Ligament
The pattern traced by the cell density counts of the periodontal
ligament in the molar region was different from that of the intermaxillary suture and condyle.

The cell density was at its highest

level in the first week, 50 (SD 5.83).
cant decrease was seen to 32.64.

In the second week a signifi-

However in the third week (40.12)

the index increased toward the level of the level of the first week
and reached 50.6 in the fourth week.

The count then remained stable

in the fifth and sixth weeks (Table 1, Figure 5).
The labelling index was seen to be at its highest level in the
first week 6.12.

It decreased to 4.53 in the second week, but

increased in the third week to 5.03.

The level then decreased
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markedly in the fourth and fifth weeks 3.37 and 1.89 respectively.

In

the sixth week the labelled cell index stood at 1.56 (Table 2, Figure 6).

MORPHOLOGY
Mandibular condyle - the mandibular condyle of the rat may be
divided into proliferative zones or compartments and differentiating
zones or compartments.

The perichondrium, the outermost covering of

the condyle is the articular

surface composed of fibrocartilage

Immediately beneath and continuous with the fibrous connective tissue
of the articulating surface is the proliferative zone or compartment.
This compartment has the capacity of mitotic division, generating
those fibroblast which supply the fibrous connective tissue of the
articular

surface.

The opposing surface of the proliferating cells

of the perichondrium is composed of hyaline cartilage.

The chondro-

cytes are provided by the proliferating zone.
The hyaline cartilage is a zone

characterized by chondocytes

synthesizing and secreting collagen and chondroitin sulfate.
The hyalin cartilage is modified both by calcification and
enlargement of the chondrocytes which undergo necrosis.

The junction

of the calcified cartilage with the spongiosa is characterized by
osteoclastic (chondroclastic) resorption of the calcified cartilage
and its replacement by bone.
spongiosa.

(Figure?.)

Such cells are derived from the bony
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Intermaxillary Suture
In the intermaxillary suture are three different layers; 1) the
maturing bone, 2) the preosseous
periosteum.

~ambiallayer,

and 3) the fibrous

The suture is to be regarded as the entire complex of

cellular and fibrous tissue intervening between and surrounding the
bone edges.

The suture contains mesenchymalcells, preosteoblasts and

osteoblasts, and occasionally cartilage (chondrocytes) at the margins
of the bones (Figure 8).
Periodontal Ligament
The main tissue elements in the periodontal ligament are the
principal white collagenous connective tissue fibers, all of which
are attached to the cementum.

The fiber bundles appear to extend

from the cementum to attach to the alveolar bone, alveolar fibers,
across the crest of the interdental septum to the cementum of the
adjacent tooth, transseptal fibers, and into the gingival tissue,
gingival fibers.

In the periodontal ligament, fibroblasts, lie

between the fibers, and they are active in the formation and maintenance of the principal fibers.

Fibroblasts also give rise to

osteoblasts and osteoclasts where bone formation is in progress.
The osteoblasts are found along the surface of the wall of the bony
socket, the periodontal fibers passing between them.

Osteoclasts

are found only during the process of active bone resorption.

The

cementoblasts are found on the surface of the cementum between the
fibers.

The interstitial tissue containing the blood vessels,
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Figure 7. Mandibular condyle with
a) :Fibrocartilage, b) Perichondrium,
c) Hyalyne Cartilage and, d) Spongy
bone.

Figure 8. Intermaxillary Suture with
a) Bone, b) Osteoblast, and c) Preosteoblast.
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lymphatics and nerves of the periodontal ligament are contained in
spaces between the principal fibers bundles.

(Figure 9)
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Figure 9. Periodontal Liagement with
a) Cementum, b) Periodontal Ligament
Fibers, and c) Bone.

CHAPTER V
DISCUSSION
The first characteristic to be considered in the three specimens,
is the presence of labeled cells at all ages studied.

This is indi-

cative of D.N.A. synthesis and therefore cell division.

This suggests

that the cambial layer in the intermaxillary suture, the cells in the
perichondrium of the mandibular condyle and the connective tissue cells
of the periodontal ligament are constantly being renewed by mitotic
activity, giving those tissues a balanced cell turnover, a growth
~raction,

and thus a permanent capacity for growth and repair.

From

this standpoint it may be considered that the intermaxillary suture,
the perichondrium of the mandibular condyle, and the periodontal
ligament remain young and proliferative in rats, from one to six weeks
of age.

There~ore

these areas can be considered sites of growth, as

suggested by Baume (1961), Koski (1968).
It is interesting to note that the intermaxillary suture and the
perichondrium show a similar development as the frequency of labelling
and cell density patterns of these two areas are closely correlated.
However, the periodontal ligament development differs as the cell
density remains elevated, but the labelling index falls parallelling
that of the intermaxillary suture and the perichondrium.
The rise both in cell density and labelling indices followed by
a decrease slowly to six weeks suggests that the larger proportion of
30
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cells leave the proliferative compartment as they differentiate to
cartilage and bone in the perichondrium and intermaxillary suture,
respectively.

On

the other hand the periodontal ligament shows an

increase in cell density while there is a fall in the labelling index.
This suggests that the larger numbers of cells remain in the ligament
as fibroblasts and, that those cells which differentiate to osteoblasts and cementoblasts do not significantly reduce the cell population.
The intermaxillary suture was seen with apparently no changes in
the first and second weeks.

However, in the third week great mitotic

activity occurs producing an enlarged suture.

The subsequent decrease

in cells density in the suture probably results from the differentiation
of such cells to osteoblasts and chondrocytes.
In the perichondrium of the mandiblular condyle the same observation was noted.

The cell labelling index peaked in the third and

fourth weeks and coincides with the highest cell density at the third
week.

Then an increase in growth was followed by a decrease in cell

density in the proliferative compartment probably resulting as consequence of cell differentiation.
The periodontal ligament pattern of growth noted in the first
week, may be related to the root formation of the mandibular first
molar.

At this time cell density and the labelling indices are at

high levels, but then fall with respect both to that in the suture
and the perichondrium.

This period is during the eruption and primary
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occlusion of the molar teeth.

Following the establishment of the

occlusion, there is a second increment of growth at about the third
week.

As fibroblasts are produced as a function of mitotic activity,

there results an increase in their population.

This results in an

increased cell density which when compared to either the suture or
the perichondrium, indicates that differentiation to fibroblasts is
the principal function of the periodontal cells produced.
The findings in the present study support the concept that the
intermaxillary suture is a site of growth.

Sicher (1947) reported

that the primary event in sutural growth is the proliferation of the
connective tissue between the two bones.

Also, Cleall (1971) found

apposition of bone in the approximating edges of the suture.
The condylar cartilage in rats shows a high labelling index,
indicative of rapid growth, during the third and fourth weeks.

This

supports Koski et al. (1963, 1964) who found similar rapid growth in
the transplanted mandibular condyle.

Bhaskar (1953) and Petrovic

(1972) stated that the condylar growth contributes to the mandibular
growth, and ensures the growth of the temporomandibular joints.
Finally, this study agrees with those reported by Toto et al.
(1968, 1975) and Pinzon (1965) who found great mitotic activity in
the periodontal ligament and in the pulp of young animals during
root formation followed by a sharp decrease, when the molar teeth
make the primary occlusal contact.

CHAPTER VI
SUMl~RY

~~D

CONCLUSION

The purpose of this investigation was to study the growth and
development of the intermaxillary suture, the periodontal ligament and
the perichondrium of the mandibular condyle in the rat and establish
an indices of cell densities and cell labelling.
The present study was done on 6 albino rats.

All the animals

in the present experiment were from the same litter, and from 1 to 6
weeks of age.

The animals were injected intraperitoneally with triti-

ated thymidine and sacrificed one hour after injection.

The inter-

maxillary suture of the molar region, the mandibular condyle with the
ramus, and the,body of the mandible were fixed in neutral formalin,
decalcified in formic acid and sodium citrate and later embedded in
paraffin.

Transverse sections were obtained through the maxilla and

longitudinal sections through the condyle and first molar region of
the mandible.

Sections were stained with hematoxylin and eosin, or

processed for radioautographic technic.

Counts were made of the cell

population per unit area and of those cells labeled by the uptake of
the radioactive thymidine.
As a result of a general histologic evaluation and the study of
the special radioautographic preparations the following conclusions
are presented:
1) The specimens shows D.N.A. synthesis and therefore cell
33
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division at all ages (1 to 6 weeks).
2) The specimens have the capability of growth and repair at
least for the period study.
3) The growth of the intermaxillary suture as in the perichondrium of the mandibular condyle is greater during the second and third
weeks.

The periodontal ligament shows a different pattern of growth.

It was at its highest level in the first week, and in the second week
had a significant decrease.
third week.

The level again increased during the

However, at the following weeks the labelling index de-

creased in the same manner for the three specimens.
4) The cell density shows the same pattern as the labelling
index with the exception that in the periodontal ligament the cell
density remains at high level in the 4th, 5th, and 6th weeks.
5) Statistically, there was a significant increase in density
in the intermaxillary suture and in the perichondrium during the
second week and a significant decrease during the 4th week.
6) Statistically, there was a significant decrease in cell
density in the periodontal ligament during the second week and a
significant increase during the 4th week.
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